• Multiple symptomatic joints were highly prevalent in this OA total knee replacement population and were associated with worse patient-reported outcomes (pain, physical function, and mood (fatigue, anxiety and depression)) both pre-and post-TKR.
• Mood played an important mediating role between symptomatic joints and post-TKR pain and physical function.
• These findings may help explain some of the variability observed in post-TKR outcomes across patients and suggests a holistic approach to OA management is warranted.
• Knowledge that a patient has multiple symptomatic joint involvement prior to surgery may be used to educate the patient, allowing for more realistic expectations to be set and the need for adoption of self-management strategies, pre-and post-surgery, to be more apparent. pain and function and health-related quality of life generally [5] [6] [7] [8] [9] . While TJR has been shown to be highly effective for relieving the pain and ameliorating the limited function associated with hip and knee OA, significant variability in the degree of improvement in these outcomes following primary TJR have been noted 3;4;10 . Generally, the extent to which these factors have explained post-TJR outcomes has been modest 1 .
OA can simultaneously affect multiple joints in the body 11 . Yet, the influence of multiple symptomatic joints is not routinely considered in OA studies which enroll patients or participants based on OA in a specific joint. This is particularly the case for studies assessing patient-reported outcomes in cohorts undergoing total joint replacement (TJR) for OA. Since multiple joints can be affected in OA, and given the complex involvement of many joints in lower extremity function, we posit that the presence of multiple symptomatic joints in TJR populations negatively influences lower extremity pain and function, and thus potentially may explain some of the Several studies also have identified an association between poorer pre-TJR mood (fatigue, anxiety, and/or depression) and poorer post-surgery outcomes [5] [6] [7] [8] [9] . Additionally, studies have generally identified an association (some suggest bidirectional), between mood and levels of pain and physical function, including in OA 8;12-14 . Thus, we further posit that the presence of multiple symptomatic joints may influence pre-and post-surgical levels of pain and function in part through mood.
In this study, we consider the influence of specific symptomatic joints in a total knee replacement (TKR) cohort on 1) pre-surgery pain and function; 2) pre-surgery mood; 3) postsurgery levels of pain and function and mood; and 4) examine whether the influence of symptomatic joints on post-surgical pain and function are mediated through mood. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Painful joints. Prior to surgery only, study participants were asked to indicate on a homunculus all joints that were painful or problematic and affected by arthritis.
Pain on activity and limitations in physical function were assessed with the Western Ontario
McMaster University Osteoarthritis Outcome Index (Likert version 3.0) (WOMAC) 15 . The WOMAC is one of the most often used lower extremity patient-reported pain and function measures used in hip and knee TJR. The measure assesses the frequency and extent of pain during activities such as 'walking on a flat surface' and 'going up/down stairs' and assesses individuals' ability to move around and look after themselves, eliciting the degree of difficulty experienced due to their knee. The measures have documented reliability, validity and responsiveness in TKR 15;16 . Pain scores can range from 0-20 and physical function from 0-68;
higher scores indicate worse status.
Fatigue was assessed with the Profile of Mood States fatigue subscale 17 . The POMS is a frequently used measure of fatigue in the literature and has been used to study fatigue in a range 
Analyses
The demographic, obesity, comorbidity and painful joint location profile of the sample was described and tetrachoric correlations between joint sites were calculated. As well, pre-surgery and 12-month post-surgery scores for all study measures were documented for the overall sample and by symptomatic joint count (other than the surgical knee): 0 (i.e. surgical knee only); 1 to 3; and 4 or more. A test for trend for each study measure was conducted both pre-and post-surgery by symptomatic joint count. Linear regression analyses were used to examine the influence of painful joint involvement (by location) on pre-surgery and 12-month post-surgery scores for each study measure. Regression models were adjusted by age at surgery, sex, level of education, overweight and obesity, and comorbidity count. For the models where the post-surgical score was the dependent variable, pre-surgery scores for the respective measures were also included as To test our hypotheses, and dependent on whether the linear regressions results suggested that painful/problematic joints influenced pre-and post-surgical pain, physical function and mood scores, path analyses were undertaken to assess the possibility that the effects of presurgery painful/problematic joints on post-surgical pain and physical function were mediated through mood. Analyses were carried out using SAS 9.2 for the linear regressions and Mplus 6.1 for the path analyses.
Sample size adequacy was assessed using two approaches suggested in the literature for structural equations modeling. The first was based on the requirement of at least five subjects per parameter to be estimated 22;23 . Based on our hypothesized path model, comprised of 67 parameters to be estimated, this would require an n≥335. The other approach was based on using the RMSEA as effect size. Specifically, it was based on a test of the null hypothesis of close fit (RMSEA = 0.0 for exact fit) versus the alternative hypothesis of not close fit (RMSEA of 0.05) 24;25 . In our case, our n provided power=81.2% 
RESULTS
494 patients participated in the study and provided baseline data. Across study measures, a minimum of 435 provided 12-month data. Table 1 presents a description of the study sample.
The majority of participants were female (65%) and the mean age of the sample was 65 years, with ages ranging from 35 to 88 years. The majority of the sample reported greater than high school education and just less than half of the sample had a BMI value indicative of obesity. The vast majority (85%) reported a painful joint other than their surgical knee on the homunculus, with nearly half the sample reporting four or more painful/problematic joints. The most frequently reported joint was the contralateral knee, followed by elbow/wrists/hands. One-third of the sample reported symptomatic ankles/feet/toes, and spine/lower back. One-fifth of the sample reported their neck as painful/problematic. Tetrachoric correlations between joint sites (data not shown) ranged from 0.06 to 0.6, with the smallest between contralateral knee and hips and largest between neck and spine/lower back.
Pre-surgery and 12-month scores for the patient-reported outcomes are presented in Table 2 for the overall sample and by symptomatic (other than surgical knee) joint count; higher scores represent worse status. Statistically significant trends were observed, with lower scores (i.e. less pain and functional difficulties) among individuals who reported no joints other than their surgical knee and higher scores among those reporting 4 or more symptomatic joints. These trends were consistent for both the mood and knee-specific measures at all times.
Results from the linear regression analyses examining pre-surgery scores are presented in Table 3 . Adjusted for age, sex, education, overweight/obese, comorbidity count, and all joint sites, individuals reporting foot/ankle/toes, neck, and spine/lower back had worse pre-surgery From our second set of linear regressions, pre-surgery scores were found to be significantly associated with 12-month scores across all measures (Table 4) . Consistently, higher pre-surgery scores predicted higher post-surgery scores; the magnitudes of the betas, however, are consistent with overall improvements over the 12-month recovery period for all measures. Adjusted for presurgery scores, individuals who reported ankle/feet/toes had worse post-surgery scores for depression and WOMAC pain and physical function. Individuals reporting painful/problematic neck had worse post-surgery scores for fatigue, depression and WOMAC pain and physical function. Finally, individuals reporting painful/problematic spine/lower back had worse scores for fatigue. The percent of variance explained for each of these post-surgical outcomes ranged from 27% to 45% for mood, and was 20% and 29% for WOMAC pain and physical function.
Although the magnitudes of the correlation coefficients were not suggestive of any high collinearity, variance inflation factors (VIF) for joint sites were nevertheless examined in the above linear regressions to ensure that multicollinearity was not a problem. The largest VIF encountered across all models (data not shown) was 1.39, far below accepted cutoff values of 10 and even more stringent cutoffs of 2.5 26;27 , suggesting multicollinearity was not a concern.
Both path analytic models displayed very good overall model fit without localized areas of Results from the path analyses (Table 5) 
DISCUSSION
Joint pain has been identified as an important determinant of overall health status and level of disability in population studies [28] [29] [30] [31] . OA affects many joints, often in combination, yet the influence of multiple symptomatic joints has received limited attention in joint-specific OA cohorts, particularly TKR cohorts. The goal of this investigation was to determine whether the presence of painful/problematic joints pre-surgery influenced patient-reported outcomes prior to and following TKR for OA and to understand how multiple joint involvements might influence pain and physical functional status.
It was the norm, not the exception, in this knee OA cohort for multiple painful joints to be reported. Nearly half the sample reporting in excess of three joints other than the surgical knee, and at least one-third reported each of at least one upper and one lower extremity joint. When considering the influence of painful joints on post-surgical outcomes, the focus has been predominantly on the contralateral joint and on low back pain, and these influences have predominantly been examined in total hip replacement [32] [33] [34] [35] [36] . Consistently, painful symptoms in the contralateral joint and in the lower back have been associated with worse post-surgical pain and physical function status in these cohorts.
Our work points to a significant influence of specific symptomatic joints on post-TKR pain and function, including the ankle/feet/toes, spine/lower back and neck. Given that the WOMAC pain and physical function questions elicit responses for daily activities in which the feet and ankles play a critical role (e.g. walking on a flat surface), it is not surprising that poorer scores were observed for individuals reporting ankle/feet/toes as being painful or problematic. In a study examining activity levels following TKR, Dahm et al. reported that study participants cited other problematic joints as limiting their activity 37 . Of these, the hip, opposite knee and foot/ankle were most frequently cited. Our findings from the path analyses show the only joints which had direct effects on post-surgery pain and function scores were the ankle/feet/toes.
Additionally, the influence of pain in these joints was found to be mediated through mood, particularly depression.
The association of upper extremity problematic joints, and particularly the neck, with lower extremity post-surgery pain and function in this cohort was not initially obvious. These associations may be a critical link, therefore, in understanding the variability observed among individuals with specific painful joint sites. The high prevalence of multiple symptomatic These findings support a more holistic approach to OA management 43 , with a view that joint replacement is but one part of the potential package of care and management. Conceivably, these findings highlight a need for OA-specialist care. Additionally, for the surgeon, knowledge that the patient has multiple painful joint involvement prior to surgery may be used to educate the patient, allowing for more realistic expectations to be set and the need for adoption of selfmanagement strategies, pre-and post-surgery, to be more apparent.
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